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Abstract 
Kinetic study on COD removal from palm oil refinery effluent (PORE) has been studied by using UV-Fenton’s reagent. 
The wastewater was collected from a refinery mill in Penang, Malaysia and treated using batch reactor with UV-lamp. 
The concentration of H2O2 was 2.125 g and ratio of H2O2:FeSO4⋅7H2O was 15:1. The results show that the reaction of the 
oxidation of COD in PORE by UV-Fenton’s reagent is second order reaction and the reaction rate constant, k is 2.24, 1.92 
and 1.60 dm3/mol⋅min for temperature 24°C, 30°C and 40°C, respectively.  
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1. Introduction 
Palm oil industry is one of the main incomes to Malaysia. Export of palm oil and derived products was 
increased 2.92% in year 2009 compare to 2008 ("Malaysian Palm Oil Industry Performance 2009," 2010). 
Total revenue of RM22 million was achieved in the same year. In order to produce crude palm oil and the 
derived products, the palm oil fruits have gone through a series of processes in palm oil mills and palm oil 
refinery mills. Large amount of wastewater will be released from both mills. According to (Ng, 2006)), the 
volume of palm oil mill effluent (POME) is estimated 2 – 3 m3/tonne oil extracted, while palm oil refinery 
effluent (PORE) is low which expected to generate 0.2 m3/tonne oil processed for physical refining and 1.2 
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m3/tonne oil processed for chemical refining. PORE characteristics are very depending on the refining 
methods. PORE pH can vary from 3.8 – 7.0 and contains high organic content in terms of BOD, COD and oil 
but not as high as POME. 
In general, biological treatments are applied in the industry to treat the PORE. It will start with oil removal 
and dissolved air flotator (DAF) with alum as coagulant before entering into biological treatments. Variation 
in wastewater flow and composition has led to the inefficiency of bioprocess resulting the treated effluent 
could not meet the discharge limits (Ng, 2006). There are not many studies have been conducted for the 
treatment of PORE, most of the studies conducted were focus on the biological treatments (Chin, et al., 1987; 
Chin & Wong, 1981). There is limited literature studied on the treatment of PORE by Fenton’s reagent. 
The Fenton’s reagent is one of the advanced oxidation processes (AOPs) and it is a economic, simple and 
effective treatment to oxidize recalcitrant organic compounds. This process involve the reaction of hydrogen 
peroxide with ferrous ions to generate high oxidation potential hydroxyl radicals (Guedes, et al., 2003; Lucas 
& Peres, 2009) as shown in equation (1): 
 
      (1) 
 
A range of competitive reactions may possible happen relating the components like Fe2+, Fe3+, H2O2, 
superoxide and hydroxyl radicals: 
 
        (2) 
(3) 
(4) 
 (5) 
The Fe3+ in Eq. (1) will be reduced to Fe2+ and is recovered under the photochemical process under UV-
lamp (de Souza, et al., 2006).The high reactive hydroxyl radicals will oxidize the organic substrates (RH) in 
the wastewater and generate new radical: 
 
 (6) 
The new radical ( •R ) will be oxidized by +3Fe to produce products which mainly are carbon dioxide and 
water. This reaction will also reproduce +2Fe to ensure the continuity of the chain reaction: 
 
(7) 
High oxidation potential of hydroxyl radicals from Fenton’s reagent could oxidize the recalcitrant organic 
matters in the wastewater which could not be eliminated by biological treatment. The objective of this study is 
to determine the optimal conditions for Fenton’s reagent under UV irradiation with different operational 
variables such as pH, temperature, H2O2 and FeSO4⋅7H2O concentrations. Besides, a kinetic study also was 
carried out in order to determine the order of reaction and the kinetic constants. 
2. Materials and methods 
2.1. Palm oil refinery wastewater 
The PORE in this study was collected from drainage in a palm oil refinery mill located in Penang, 
Malaysia. The wastewater was in light brown color and stored at 4°C before use for the experiments. The 
characteristic of the PORE is shown in Table 1. 
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Table 1. Physico-chemical characterization of PORE. 
Parameter Value 
pH 
BOD5 
COD 
Suspended solids 
Biodegradability (BOD5/COD)
7.0 
541 mg/L 
2088 mg/L
524 mg/L 
0.26 
2.2.  Experiments 
The oxidation of PORE were conducted in a 500 ml conical flask as batch reactor in an incubator shaker to 
control the temperature. The UV-lamp with wavelenghth 254 nm was installed in the incubator shaker. An 
amount of 200 ml of PORE was placed in the reactor and the pH was adjusted to value 3 (de Souza, et al., 
2006) with diluted sulphuric acid (H2SO4) and sodium hydroxide (NaOH) solution. A weighed amount of 
FeSO4⋅7H2O was added to the PORE and the oxidation reaction was started by adding the measured amount 
of hydrogen peroxide solution (30%, w/w). The shaker was set at pre-determined temperature and 250 rpm for 
30 minutes. The sampels were withdrwan from the reactor at pre-determined times and excess amount of 
Na2SO3 was added in order to stop the reaction. 
2.3. Reagents 
All the reagents used in the experiments was research grade reagents without further purification whereby 
H2O2 (30%, w/w) and Na2SO3 from R&M, NaOH, H2SO4 AND FeSO4⋅7H2O from Merck. 
2.4. Analytical methods 
The COD analyses were performed by dichromate closed reflux colorimetric method using a HACH 
DR2010 spectrophotometer. The COD range from 0 – 1500 mg/L. 
3. Results and discussion 
In general, the oxidation of COD could be represented by the reactions below(Lucas & Peres, 2009): 
 
(8) 
(9) 
The H2O2 dosage could be determined by the stoichiometric weight ratio between H2O2 and COD as below 
(Lucas & Peres, 2009): 
 
The dosage of H2O2 in this study was using the theoretical stoichiometric value which 1 g COD = 2.125 g 
H2O2. The ratio of H2O2:FeSO4⋅7H2O used in all experiments is 15:1. The reaction time for the experiments 
was 30 minutes under irradiation of UV-lamp with 250 rpm shaking in an incubator shaker. 
3.1. Effect of temperature 
Detailed kinetic study is very difficult to perform for Fenton process due to complexity of chemical 
222222 OH g 2.125  OH mol 0.0625  O mol 03125.0O g 1  COD g 1 ====
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compounds formed as intermediates during the reaction (Lucas & Peres, 2009). However, the COD which 
represented the overall organic matter could be used in conducting an approximated kinetic study. Fig. 1 
below shows the effect of temperature in COD removal during the UV-Fenton’s reagent reaction in treating 
the PORE. At three reaction temperature (24°C, 30°C and 40°C), the removal could achieve up to 50% in the 
first 5 minute and when the reaction extended to 30 minute, the removal of the COD was around 80%. The 
COD removal from olive oil mill wastewater was between 77 – 88.9% (Nieto, et al., 2011). There is no 
significant COD removal different with different temperatures; the range of the COD removal on pre-
determined time for these three different temperatures is less than 10%. The optimal temperature is in the 
range of 30-40°C and this results is similar to other researchers’ findings (Guedes, et al., 2003; Lucas & Peres, 
2009; Nieto, et al., 2011) 
 
 
Fig. 1. Temperature factors on COD removal versus time using UV-Fenton’s reagent. 
3.2. Kinetic study 
The hydroxyl radical produced in reaction (1) will oxidize the organic matter in the PORE which will 
reduce the value of COD in wastewater. The UV-Fenton oxidation of PORE organic matter could be 
represented by the second-order reaction kinetics where k the reaction rate coefficient and t the time: 
 
(10) 
 
On integration between t=0 and t=t on Eq. (10) will obtain: 
 
 (11) 
 
where COD is the COD value at t=t and COD0 is the COD value at t=0. According to this expression, a linear 
representation of first term versus time produced a straight line for each experiment whose slope is k. Fig.  2 
shows this kinetic of second order of UV-Fenton system. Least squares regression analysis gave the k values 
is listed in Table 2. 
The order of the reaction observed in this experiments was different from other researchers (de Souza, et 
al., 2006; Fan, et al., 2011; Guedes, et al., 2003) where most of them showed that the Fenton’s reagent 
oxidation process is first-order reaction. Besides, some of the researchers found that the Fenton’s reagent 
reaction was depending on other factors like concentration of H2O2 and FeSO4⋅7H2O (Lucas & Peres, 2009; 
Nieto, et al., 2011). 
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Fig. 2. Determination of second-order constants (k) for the COD removal from PORE by UV-Fenton’s reagent. 
Table 2. The least squares regression (R2) and second-order constant (k) for various temperature. 
Temperature (°C) R2 k value (dm3/mol⋅min) 
24 
30 
40 
0.9689
0.8892
0.8996
2.24 
1.92 
1.60 
4. Conclusion 
It can be concluded that the reaction of oxidation of UV-Fenton’s reagent to remove COD from PORE is 
second-order reaction. The k values were obtained at various temperatures. Further investigation should be 
studied on other factors like the concentration of H2O2 and FeSO4⋅7H2O. 
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